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GE Canola 

88% of 2010 acreage 

SOURCE: NCFAP; USDA ERS 

GE Corn 

86% of 2010 acreage 
(Insect Resistant: 16%    Herbicide resistant: 23%   Stacked gene: 47%) 

1% of corn with Bt (ECB) + Bt (rootworm) + herbicide 

GE Cotton 

93% of 2010 acreage 
(Insect Resistant: 15%    Herbicide tolerant: 20%   Stacked gene: 58% 

GE Soybean 

93% of 2010 acreage 
(Herbicide resistant: 93%) 

GE Alfalfa 

5% of 2006 acreage 
GE Sugarbeet 

96% of 2010 acreage 

The percentage 
of crop acreage 

in the U.S. 
planted in  GE 

crops is large and 
is regulated by 
federal statutes. 



Recent figures indicated 15.4 million farmers in 29 countries 
planted 365M acres (~6X Oregon’s size) – over 90% were small 

acreage farmers in developing countries.  

But growing GE crops is not just in 
the U.S…. 



…they have a limited number 
of traits (herbicide and insect 
tolerance). But there is a full, 

pre-commercial pipeline. 

But commercial advances are 
only in a limited number of 
crops (canola, corn, cotton, 

soy)  and… 





SOURCE: http://archives.foodsafety.ksu.edu/agnet/2007/4-2007/agnet_april_10.htm#story0


Arcadia Biosciences developed canola 
that uses 50% less nitrogen fertilizer 



SOURCE: “Limited release of GM sugarcane in AUSTRALIA”, Crop Biotech Update, 5/22/09, http://
www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir095 



Bacterium engineered with 
biofuel synthesis pathways to 

make fuel substitutes for 
gasoline, diesel or jet engines 

from plant biomass 



SOURCE: USDA Foreign Agricultural Service. 2005. EU-25: GMO trials on grape wine given go-ahead in France. Report E35183 



SOURCE: Arizona Daily Star, November 14, 2010 
http://azstarnet.com/business/local/article_874fdbe5-1ee3-525e-befb-11da58d7b7ed.html 

Combining Bt cotton with 
introduction of sterile pink 

bollworm is a real “knockout” for 
cotton pest 



SOURCE:  “Origin Agritech Announces Final Approval of World’s First Genetically 
Modified Phytase Corn”, GEN, http://www.genengnews.com/news/bnitem_print.aspx?

name=69131238 



SOURCE: Graff, G.D., Zilberman, D. and Bennett, A.B. 2009. The contraction of agbiotech product quality innovation in agricultural biotechnology. 

Nature Biotechnology, in press (August, 2009). 


Annual counts of product quality innovations in the R&D pipeline  





U.S. Coordinated Framework for 
Biotechnology  



•  Field testing 
- Permits 
- Notifications 

•  Determination of 
 non-regulated 
status 

•  Food safety 

•  Feed safety 

•  Pesticidal plants 
- tolerance 
exemption 
- registrations 

•  Herbicide 
registration 

Plant pest? Danger to people? Risk to environment? 



Variety release requirements for 
genetically engineered varieties 

• Agronomic performance 
• Proximate analysis 
• Antinutritive factors 
• Plus: 



Plus:     
 
 
 
 



•  Molecular characterization of inserted DNA, 

•  Southern and restriction analyses

•  PCR for several fragments, 

•  Various enzyme assays (ALS, NOS, NPT-II)

•  Copy number of inserts

•  Size of each fragment,

•  Source of each fragment

•  Utility of each fragment

•  How fragments were recombined

•  How construct was delivered into flax

•  Biological activity of inserted DNA (genes)

•  Quantitative analyses of novel proteins 

(western

            analyses)

•  Temporal activity of inserted genes 

•  Spatial activity of inserted genes

•  Complete amino acid analysis

•  Detailed amino acid analysis for valine, 

leucine

           and isoleucine 

•  Toxicity (feeding trials were not warranted)

•  Allergenicity (feeding trials were not 

warranted)

•  Biological analysis:


•  Pathogenicity to other organisms

•  Dormancy, 

•  Outcrossing

•  Potential for horizontal gene transfer

•  Seed production

•  Flowering time, 

•  Flower morphology

•  Analysis of relatives

•  Stability of inserted genes over seed

           generations

•  Survivability in natural environment

•  Survivability in agricultural environment

           in presence of herbicide

•  Survivability in agricultural environment

           in absence of herbicide

•  Interaction with other organisms- 

           alterations to traditional relationships

•  Interactions with other organisms- novel

           species

•  Changes to persistence or invasiveness

•  Any selective advantage to the GMO

•  Any selective advantage to sexually

           compatible species

•  Plan for containment and eradication in

           the event of escape 




SOURCE: http://www.capitalpress.com/content/All-mp-transgenic-sidebar 

TOMATO 
From 1992 and 1997, 11 separate approvals granted for ~40 tomato varieties, most 

geared toward longer shelf life and altered fruit ripening. 


POTATO 
20 varieties of insect- and disease-resistant potato deregulated between 1994 and 1999.


SQUASH 
In 1992 and 1995, two varieties of squash resistant to several viruses deregulated.


PAPAYA 
Two virus-resistant varieties approved in 1996; additional variety deregulated in 2009. 


CHICORY 
Deregulated chicory used as a salad vegetable. Trait -- male flower sterility -- approved 

in 1997. 


RICE 
Varieties of rice resistant to herbicide glufosinate deregulated in 1998 and in 2006.


PLUM 
Virus-resistant plum variety developed by USDA ARS deregulated in 2007. 




SOURCE: Capital Press, February 23, 2007. 

2005 IRRI Field Trail - Recovery after 17 d submergence 



SOURCE: Capital Press, April 16, 2010 
http://www.capitalpress.com/print/mp-alfalfa-analysis 





SOURCE:  http://truefoodnow.org/2010/09/09/farmers-and-conservationists-file-suit-challenging-usda-attempt-to-sidestep-court-ban-on-genetically-engineered-sugar-beets/ 









SOURCE:  RiceCAP newsletter, Vol. 5, Issue 4, May 2009, p. 2.  
http://www.uark.edu/ua/ricecap/Communication/newsletters/RiceCAPv5n4_May09.pdf  

China moves forward on GE rice with a 
$3.7B investment. 'This is the only way to 

meet growing food demand in China', 
according to the former director of 

Biotechnology Research Institute of the 
Chinese Academy of Agricultural Sciences 







SOURCE: Quarterly public tracker - June 2009, Food Standards Agency (UK). http://www.food.gov.uk/news/newsarchive/2009/aug/tracker 

Q3a. What food issues, if any, are you concerned about?  
Base: All respondents who are concerned about food safety issues;  

Q3b. Are you concerned about any of the following food issues?  
Base: All respondents (Spontaneous answers over 4%) 



SOURCE: http://ca.news.yahoo.com/s/afp/100302/health/eu_farm_gmo_product_2 

March 2, 2010 



SOURCE:   “A Decade of EU-funded GMO Research 2001-2010”, by European Commission 
http://ec.europa.eu/research/biosociety/pdf/a_decade_of_eu-funded_gmo_research.pdf 



SOURCE: Capital Press, August 19, 2010 
http://www.capitalpress.com/nation/AP-Food-and-Farm-rogue-farmer 





f e d 

a c b 

SOURCE: The Local Monitoring Committee, Lemaire, O., Moneyron, A. and Masson J.E. 2010. Interactive Technology Assessment’’ and Beyond: the Field Trial of 
Genetically Modified Grapevines at INRA- Colmar. PLoS Biol. 8(11): e1000551. doi:10.1371/journal.pbio.1000551. 

And yet others use co-existence strategies:  
six-year effort by Local Monitoring Committee 
oversaw biosafety research experiments on GE 

grapes protected against fan leaf virus to 
reach local consensus on growing GE grapes. 



SOURCE: “Co-existence project kicked-off”, European Biotechnology News, Vol. 4, 2005 



But not all Europeans, particularly E.U. scientists, 
agree with the coexistence regulations because they 

have “no rational scientific underpinning”…adding 
“layers of complexity to international trade”. 



•  E.U. recognizes certification system of RSB to demonstrate compliance 
       with EU biofuels mandate representing conscensus of 120 organizations 
•  RSB recognized by E.U. as proof of compliance with Renewable 
       Energy Directive 
•  Biofuels entering EU must have environmental benefits over fossil 
      fuels 
•  Biofuels must avoid harm to land with high biodiversity value or 
       high carbon stock 
•  Biofuels must demonstrate 35% savings in GHG emissions compared 
       to fossil fuels 
•  Certification is under voluntary standards; RSB-certified biofuels have 
       open access to E.U. without further verification of sustainability 

July 2011 

E.U. Approach to 
Regulation of Biofuels 









Also in peer-reviewed articles: 
Lemaux P.G. Annual Review of Plant Biology 2008  

and  2009 and ANR Fact Sheets 2006 


